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Background of the Invention n a cellular nobile comunication system
each of the nobile stations communicate with a typically fixed base
station. Communication fromthe nobile station to the base station is known
as uplink and conmuni cation fromthe base station to the nobile station is
known as downlink. The total verage.arga of .the systemis divided into a
number of separate cells each%@‘r‘gﬁmﬁ/ﬁb"ﬁﬂﬁ?e base station. The cells
are typically geographically distinct with an overl appi ng coverage area

wi th neighbouring cells. As a nobile station noves fromthe coverage area

of one cel ITheo gresentoViaveagtorar eglatds aipot Hermelsild , céhmumcation caktworld i nk
wi | I° change from bei ng between the nobile station and the base station of

.

the first dparticutariebwignereasgiusivalyighe Global System for Mobile communication
(GSM) network) comprising a group of cells associated with a simulcast

carrier and to a method of operation of such a network.

Background of the Invention

In a cellular mobile communication system each of the mobile stations
communicate with a typically fixed base station. Communication from the
mobile station to the base station is known as uplink and communication from
the base station to the mobile station is known as downlink. The total
coverage area of the system is divided into a number of separate cells each
covered by a single base station. The cells are typically geographically distinct
with an overlapping coverage area with neighbouring cells. As a mobile
station moves from the coverage area of one cell to the coverage area of
another cell, the communication link will change .from being between the
mobile station and the base station of the first cell to being between the

mobile station the base station of the second cell. This is known as a

handover.

Specifically, some cells may lie completely within the coverage of other larger

cells. These are known as hierarchical cells and an example is so called

microcells which are used to provide a high traffic capacity in high traffic
areas. Typically the microcells are small and a large number of cells can be

\ - implemented in a iimited area. A mobile station moving into the microcell will



mobi | e .station the base station of the second cell. This is known as a
handover. V&h¥§5¥64cally, sone cells maé lie conpletely witRCAEPANOFE er age
of other larger cells. These are known &s hierarchical cells and an exanpl e
is so called mcrocells which are used to provide a high traffic capacity
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nunber of S can npl emented in a limted area. A nobile station

movi ng i niegotufve atithe acadirbcelli dnd hierarchisabedd tipEoprbvide the possibility of a
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from the l6vee pexprage axaa combingsh with high trafficFaRRAILY-This frees up resource at
the macrocell and hierarchical cell thus provide the possibility of a large
coverage area conbined with high traffic capacity. Al'l base stations are
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ot her nobhbtvdrkabithe destintivn specific for thisreall! Iftheicallivbetverinaiwo shed bet ween
the two serving cells through the network. Alternatively, if the call is
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cells through the network. Alternatively, if the call is between a mobile station
and a telephone connected to the Public Switched Telephone Network (PSTN)
the call is routed from the serving base station fo the interface between the
cellular mobile communication system and the PSTN. It is then routed from

the interface to the telephone by the PSTN.

A simulcast system is one in which all the cells within an area transmit an
identical signal, at the same frequency, at all times. This broadcast signal
contains control information and is used as a beacon to determine relative
signal strength. Additionally, each cell within the simulcast system can
transmit a second frequency upon which traffic can be relayed. The second
frequency is different from cell to cell although it may be reused if there is
sufficient distance to mitigate interference. As a mobile is likely to remain
within this simulcast system during the period of a call and the simulcast
carrier effectively creates a single larger umbrella cell, very few intercell
(between simulcast cells and external cells) handovers will be required.
Consequently, the majority of handovers will be of the intracellular (between
the simuleast cells) type. Since there is a single umbrella cell identification
the mobile cannot identify the smaller target cells beneath this umbrella cell:

i.e. the handover process cannot be mobile assisted i.e. based on the mobile



A sinul cast systemis one in which all the cells within an area transmt an
i denti cal si gWe99/652%4t he sanme frequency, at all times. This bpopgpaigsrss
signal contains control information and i used as a beacon to determ ne
rel ative signal strength. Additionally, each cell within the sinulcast
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the snmaller target cells beneath this unbrella cell: i.e. the handover

process cannot be nobile assisted i.e. based on the nobile WO
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internal partitions in the 900 MHz or 1800MHz bands is severely attenuated
by netal structures for exanple) and mcrocells are commonly used in

In order to make measurements of the mobile stations in the surrounding

simulcast cells the base stations will retune to the frequencies of the traffic
carriers in these cells. However, as the frequencies are reused the base
stations will measure a combined signal level of the desired mobile station
and all mobile stations allocated the same time slot in cells using the same
traffic carrier frequency. This may lead to inaccurate measurements and

~ degraded handover performance.

Summary of the Present Invention
One object of the invention is to overcome or alleviate such a disadvantage.
More generally, the invention provides additional flexibility in a mobile

nefwork and enables more information to be obtained about the state of the

network, as will become apparent.

According to a first aspect of the invention, there is provided mobile
communication network comprising a group of cells with a common simulcast



sonmewhat | arger regions such as city centres for exanple. In order. to
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the base stations will retune to the freqluencies of the traffic carriers in
these cells. However, as the frequencies are reused the base stations wll
measure.a conbi ned signal level of the desli red bile_station and all
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such a di sadvant age. More generally, the invention provides additional
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about the stgte of the network, as w.l| . becone, apparent. According to a
first asp@@i’ﬁﬁﬁt‘ﬂfﬁl%sﬁﬁéﬂg %,dmmpélwl%sgﬁ"a'éﬁpmbi | e communi cation

network conprising a group of cells with a conmon si nmul cast : WO
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4 In one embodiment the intracell handover is from the first traffic carrier to the

common simulcast carrier.

According to a feature of the invention a clock means is arranged to generate a
signal instructing said intracell handover and said clock means is located in a
fixed part of the network and is arranged to transmit said signal to one or

more mobile stations.

In one embodiment a signal instructing said intracell handover is arranged to
be generated in response to a measurement of received signal level or quality

of a radio transmission from a mobile station.

According to a different feature of the invention, one or more base stations are
arranged to measure a received signal level and/or quality of the signal
transmitted by the mobile station on the common simulcast carrier and a

handover is determined in response to the measurements.
In one embodiment the mobile communication network is a GSM network.

According to a second aspect of the invention, there is provided a base station
operating in a communication system having a group of cells with a common
simulcast carrier carrying signaling information and at least a first cell being
associated with a first traffic carrier, the base station comprising means for
directing a mobile station to intermittently perform an intracell handover to

the common simulcast carrier i, and means for performing measurements of



carrier-carrying sirgnaling information, at least a first cell being
associ at ed wWh99465244r st traffic carrier, wherein at |east a fRCIEPIImEIzRe
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carrier. I'n~"oné énbodi ment the intrace andovér 1s fromthe tirst
traffic caafiegr to the common sinul cast carrier, According to a feature
of the invention a clock neans is arranged to generate a signal instructing
said intracell handover and said clock neans is |located in a fixed part of
the network and is arranged to transmt said signal to one or nore nobile

stations. I n one enbodi nent a signal instructing said intracell handover
I's arrang 98 TRIrdl £éhelct! of ARBARFENLiOh AtHERE I8 1HGPIHedOs hedRdved Signal
| evel or %%g ?Pgetgf a radi§ob t rgns,m' ssion 1?krlom a nobile station. Accordi ng

to a dif f @jepating ea muobileofonirhanicationt hetworkneithr a groep iisells (2) wdtls aar e
arranged to nmeasure_a received signal |evel anpd/or, quggt%/ of the signal
transmit t MmN SHEUlASSt FRITIATAATEYINg Sigheling informatisn) and at deastiafirsing a

handover | eterm ned.ipn responge .t e ne rement.s.. n one epbodi nent
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comuni cation system having a group of cells with a conmon Si nmul cast
carrier ctarthe cognmbnsiaintgst odoiem endnpenfetming mesturanfents of ¢bé lradi®i ng
environment when the mobile station (4,4") is using the common simulcast

carrier.

Brief Description of the Drawings

A preferred embodiment is described below by way of example only with

reference to Figures 1 and 2 of the accompanying drawings, wherein:

Figure 1 is a schematic diagram of a GSM mobile communication network in
accordance with this invention, employing a simulcast BCCH carrier which

extends over a group of picocells or microcells;

Figure 2 is a timeslot:frequency diagram of a base station in the network of
Figure 1.

Description of a Preferred Embodiment
Referring to Figure 1, the GSM network illustrated comprises a group of

picocellular heads 1 defining respective picocells 2, each picocell 2

representing the coverage of a respective broadcast carrier signal associated



associated with a first traffic carrier, the base station conprising.neans
for directi ngod9omsresl e station to intermttently perform an it{}i‘)i:?é‘ﬁds'ysz
handover to the common sinmulcast carrier i, and nmeans for performng
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operating a mobi T e &ommuni cat i on network with a group of cells (2) wth a
common si bedst itstneagestimiglthouringpiceeadlsal i ng i nformation and at least a
first cell being associated with a first traffic carrier, conprising the
steps of: intermttently performng an intracell handover of a first nobile

(4,4') statjon to.thg ¢ Is . rg.ier ' asyrenment s
of the ra& %“g‘i?ﬁ i?gﬂﬁﬁ%ﬁ%%ﬁistl %aﬁ;%%ﬁftéag%. i%ar?ﬁzﬁf%%hl{lgarr%%fa?%jcomn
si mul cast eg%{r%%.er all the above picocells as illustrBté®ht Pescription of the Draw ngs
A preferred enbodi nent i s described bel ow by way of exanple only with

reference to Figures 1 and 2 of the acconpanyi ng draw ngs, wherein:

The above group of picocells interfaces with in this case two macrocells 3
defined by carriers transmitted from base transceiver stations 8, which are in
turn linked by fixed communications links to a common base station controller
9 and thence to the rest of the network. In a variant, the picocells 2 could be

microcells and an umbrella cell could overlie the picocells or microcells.

In operation, a control signal generated e.g. by a clock 10 and transmitted over
the fixed communications links or alternatively generated in response to a
detection of radio signal level and/or quality below a predetermined threshold
is broadcast to a mobile station 4 and (as indicated by radio signal §) instructs
the mobile station to perform an intracell handover to an uplink carrier
frequency and timeslot corresponding to the simulcast carrier. Such a signal 5
could also be transmitted by a picocellular head 1' to a mobile station 4' as

illustrated, the change in frequency being represented by arrow 7.

The structure of signal 5 will now be described in more detail with reference to
Figures 2 before describing the response of the mobile stations 4 and 4'.

Figure 2 shows the frequency:timeslot distribution of the various signals
transmitted by a base transceiver station (BTS) 8 to its associated macrocell or
by a picocellular head 1 to its associated picocell. The group of frequencies (or
more acéurately frequency bands) fito f5 available to a given (macro or pico)
cell will typically not include any frequencies in common with those used by

neighbouring cells, in order to avoid interference. In other respects the



Figure 1 is a schematic diagramof a GSM nobil e communi cati on network in
accor dance VWOIP6564 | nventi on, enpl oying a sinul cast BCCH cacripppongsxh
extends over a group of picocells or mcrgcells; Figure 2 is a

timesl ot:frequency diagramof a base station in the network of Fi gure 1.
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network i canprises a group o pl coce hea

respecti sgmpagocel Il s 2, each picocell 2 representing the coverage of a
respective broadcast carrier signal associated WO 99/ 65264
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pi cocel | yLar head. soci at wi th chy of the i.cocel l ul ar, heads s a
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the abov EBCMJHQ BCHsarab AIGCH $haﬂhelk xahlchilcarry respectwe types of control and
information data to the mobile stations within the cell, as defined in the GSM
specifications. In order to ensure that the most powerful transmission is on
the beacon frequency (to enable it to be identified by mobile stations within
the cell in order to enable them to access the above control and information

data) any slots not used on frequency f5 are filled with dummy bursts.

The above frequency:timeslot structure is conventional in GSM mobile
communication networks. It is now assumed that a call has been established
to or from a mobile station within a cell of interest. The mobile station will be
communicating using a timeslot TS1 on the traffic carrier frequency of the
corresponding picocell. The signal 5 will be carried to the mobile station
through a control channel in the time slot SL, for example on the FACCH
(Fast Associated Control Channel). The signal 5 will result in the mobile
station changing to a time slot TS2 on the BCCH frequency.

Having described the intracellular handover of a mobile station to a new
traffic channel on the BCCH carrier, the resulting operation will now be
described further with reference to Figure 1. There are a number of choices.

Firstly it will be noted that the timeslot TS1 previously used by the
picocellular head 1' to transmit traffic to the mobile within its picocell is no
longer used, since this function has been taken over by the radio unit
responsible for the simulcast transmission. Accordingly the transceiver (not
shown) associated with the picocellular head 1' can be retuned to another
frequency during this timeslot and used to make e.g. interference

measurements or measurements of mobile station signal level and/or quality



The above group of picocells interfaces with in this case two macrocells 3
defined by omownyeHrgstransmtted from base transceiver statiopér/?l,”yggjlﬁh are
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avai | abl e do@ sBo@hyen (macro or pico) cell wll typically not include any
frequencies in conmon with those used by nei ghbouring cells, in order to
avoid interference. In other respects the WO 99/ 65264
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BCCH can be arranged to measure the signal level from the mobile station as
they all have the BCCH carrier frequency f5 in common. This information can
then be used to select the neighbouring picocell 2 receiving the highest power
and/or signal quality for intercellular handover as the mobile station
approaches that picocell. This is a desirable facility because the conventional
method of cell selection for intercellular handover, involving downlink
measurements by mobile stations, the results of which are transmitted to the
base transceiver stations, can result in ambiguity as a result of two mobile
stations in no-neighbouring picocells but within the simulcast coverage area
11 transmitting on the same frequency. Difficulties can also arise when the

mobile stations are fast-moving - e.g. in trains,

Preferably, the mobile station will return to a traffic carrier following the
measurements. However, this traffic carrier can be that of a different picocell

if the measurements indicate that that will result in better performance.

According to one feature of the invention the signal 5 is generated by a clock
which for example periodically instigates a new measurement. The clock can
be located centrally in the network and can be distributed through the fixed

network to the appropriate picocell heads for transmission to the mobile



frequency:t i%sl ot: distributions of the respective macrocells and picocells
are simlar. M6 arrier is transmitted in slot SL cor r es p®CATERY9/03732
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pi cocel | ufx‘gﬁﬂ{eealgsgﬁg%gaq‘}o%énsm t traffic to the nobile within its picocell
is no |longer used, since this function has been taken over by the radio
unit responsible for the sinulcast transm ssion. Accordingly the

t ranscei VEhe ( muasurement sprocessatesd vithus thee inistigated uinarregpemsel’ tocam be

retuned to A00tISIAt of the signal level or quality of the current transmission.

Preferably, the measurement process would be instigated when these levels

fell below a given threshold.

According to a feature of the invention the measurements are repeated for a
number of mobile stations thereby building up information of the distribution
of mobiles within the network.

In a variant of the above embodiment, a mobile station is temporarily assigned
to a slot of the simulcast carrier when it ‘originates a call. Uplink
measurements similar to those described above are then made at the
picocellular heads (or at base transceiver stations associated with microcells)
and an appropriate picocell or microcell is assigned to the mobile station on
the basis of such measurements. In this embodiment the intracellular
handover is thus not from another traffic carrier but rather from a non-active

state.

Although an embodiment of the invention has been described in the context of

a GSM mobile cellular communication network, it should be noted that the



frequenecy during this tineslot and used to nmake e.g. interference )
nmeasur enent y@pypResur ements of nobile station signal |evel pREERs lity
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frequency, For exanple a bjle station c nicating in a tiye slot TS3 on
the traf finzeptiendamoy ?Pi"trg‘?ﬂi Fe shgh Qﬂﬁwﬁmég‘# i f alse %Pé’kﬁ?@d“by

changi ng b e, bidile ElifMantYd sa {2tHONAD bRk inTie USA did the
AlternatiVvel'y, the recelver can continue to recelive on the sanme frequency
f2 and t hpBOB&tsork ik Japans erference |l evel in the absence of the nobile
station. This information can then be passed back up to a base station
controller 9 and thence to an appropriate part of the fixed network
controlling frequency allocation between cells or picocells. Asimlar
procedure could be foll owed by a base transceiver station 8 associated with
a macrocell 3 (or with a mcrocell, not shown). Secondly all the picocel
transceivers within the coverage 11 of the sinulcast BCCH can be arranged
to neasure the signal level fromthe nobile station as they all have the
BCCH carrier frequency f5 in common. This information can then be used to
sel ect the nei ghbouring picocell 2 receiving the highest power and/or

signal quality for intercellular handover as the nobile station approaches
that picocell. This is a desirable facility because the conventional nethod
of cell selection for intercellular handover, involving downlink
measurenments by nobile stations, the results of which are transmtted to

t he base transceiver stations, can result in anbiguity as a result of two
nobi |l e stations in no-nei ghbouring picocells but within the sinmulcast
coverage area 11 transmtting on the sane frequency. Difficulties can al so
ari se when the nobile stations are fast-noving - e.g. in trains.




Preferably,l @B@,Mj,le station will returnto a traffic Carrk&&lg&’%ﬂ%low ng
¥ ent

t he neasurenents. However, this traffic cgrrier can be that
picocell if the neasurenents indicate that that will result in better
per f or mance. According to one feature of the invention the—stghal—5-4+s
generated by a clock which for exanple periodically insptyss A AR
measurenment. The cl ock can be Iocat&ia.centrally in the’ ] l e
distributed through the fixed net woMk2¥8St he appropri at e piccoce 5
transm ssion to the nobile WD 99/ 65264
PCT/ EP99/ 03732 9 stations.
Al ternatinvel y,A mivhilercosaaanivationendtwstk ganprising 4 groansfcdlls (@ adth arent s of
the current radio transmssion. Information of interference |evels_and
possi bl e tonzmenisimitnast;gattien carayingcsigmpling infsrmastion: abieast & Brstrsll
i nportance .when the, current Lransnjssion. quality. is, ynsatisfactory, and a
hand ovefb‘?@g rAE§RFREd Y Pn%?sgv%ghs{fu%ﬁ’?’tegz “ﬁWX’é’x& past g furg e
station : i It the: n '
pi cocel | h"%tgnggn@g@a%sngrra& teae o? g%r?ﬁl?%bgye}%% t he %QC&? %%e?r %gﬁ&%ﬂé’;‘% al |
pi cocel | thel donditom birgulcasteasier caidimeansg fiad pdréorehingrmsadurementd ofthet at i on.
A handover to a given picagcell head can then be determned in response to
these neaeadiemnvirnment svhem theymebile cstatign: (b4pi Bossing WhecremmOB; ves t he
strongest .signal level fromthe nobile station. The neasurenent process
can thus BEREHEECEERYd in response to a measurement of the signal |evel or
quality of the current transm ssion. Preferably, the neasurenent process
woul d be instigated when these |evels _

2. A claim as claimed in claim 1 wherein the intracell handover is from

the first traffic carrier to the common simulcast carrier.

3. A mobile communication network as claimed in claim 1 wherein a clock
means (10) is arranged to generate a signal instructing said intracell
handover.

4, A mobile communication network as claimed in claim 3 wherein said
clock (10) means is located in a fixed part of the network and is arranged to

transmit said signal to one or more mobile stations.

5. A mobile communication network as claimed in claim 1 wherein a
signal instructing said intracell handover is arranged to be generated in
response to a measurement of received signal level or quality of a radio

transmission from a mobile station.

6. A mobile communication network as claimed in claim 1 wherein one or
more base stations (1,1',8) are arranged to measure a received signal level
and/or quality of the signal transmitted by the mobile station on the common

simulcast carrier.



fell below a given threshold. According to a feature of the invention the
measur enent é”gPQJGﬁZé‘beat ed for a nunber of nobile stations thBECHERINHATRZdi ng
up information of the distribution of m)g|zl es wWithin the network. In a
vari ant of the above enbodi nent, a nobile€®station is tenporarily assigned

to a sl ot7of tﬂe %Ibﬁw oq)?!%ose o8 n. g\%g(g.kl %so({l‘j,ﬂﬁ&pttlﬁsclgnﬁailwh&ggﬂrg(

measur enents si m ar t eSCI’I ove are en nmade at the

pi cocel | uhahdbrads detdrnéibed 45 eedponss tetheemeasmtenmsrstsassoci at ed with
m crocells) and an appropriate picocell or mcrocell is assigned to the
nobil e station on the basis of such neasurenents. In this enbodi nent the

i nt [ 1 yl d th t her th
froma nof: Zét . atcgmm's SEREHER oA ARG LRt BRI Bl rather
descri bed g 44 ?ﬁit&ilsil@sb’} %@'&?ax%édt&ﬂea%&h@ﬁiﬂtéﬁ’si@ﬁhﬁ‘mk it
shoul d be not 99/ 6

PCT/ EP99/ (D@v7e32mdlor s1gna1 quality from a plurahty of mobile statidis in suchtiesn i s not
restricted to such a_network but that- is, al so appl.icable to other nobile
cel lul ar molingr¢hannelsand the,petyonk ﬁﬁeﬁw&e‘i tp prasesssihemeasyrements fut wor k

in Japan. determine the distribution of mobile stations within the network.

9. A mobile communication network as claimed in claim 1 wherein a base
station (1) of a cell from which the intracell handover is made is arranged to
be re-tuned to receive on a frequency different from the first traffic channel

while traffic is being handled by the common simulcast carrier.

10. A mobile communication network as claimed in claim 9 wherein the
base station (1’) of the cell from which the intracell handover is made is
arranged to be used to monitor interference on the first traffic carrier while
traffic is being handled by the new uplink channel.

11. A mobile communication network as claimed in any preceding claim
which is a GSM network.

12. A base station (1,1’) operating in a communication system having a
group of cells (2) with a common simulcast carrier carrying signaling
information and at least a first cell being associated with a first traffic carrier,
the base station (1,1’) comprising means for directing a mobile station (4,4’ to
intermittently perform an intracell handover to the common simulcast carrier
i, and means for performing measurements of the radio environment when the

mobile station (4,4’) is using the common simulecast carrier.

| ) )
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11 1. WOIYASH4 e communi cation network conprising a gr RQY/EFIOBIIL S
(2) with a comon sinul cast carrier carryi‘gg signaling information, at

| east a first cell being associated with a“first traffic carrier, wherein
at | east” pg.fi r £imethba lo€ opérditingna tbbfle)cotmanicatign thetworlnwethh igremb bf
performan intracell handover to the common sinulcast carrier, and nmeans
for perfoeellsn@) veitls arcompmon simuidest catier earvyingrmgealing informatiennnd
station (4,4 ),1s.usi the common sinyl cgst, carkier. . 2, A.cl ai m as
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comruni cation network as clained in claim3 wherein said clock (10) neans

i s | ocat eef the eadip eayirpamenswhenethaomobile station {447 ris ipdne the cpmmon t sai d
signal to Qne or, rmore nobi |l e stations. 5. A nobi |l e comuni cati on

net wor k a?%‘?ﬁ“i‘%‘:&r{lﬁr‘cl aim 1 wherein a Si Tnal instructing said intracell

handover s arranged to be gener at(fjIH| NN I
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response to a neasurenent of received signal level or quality aof a radio
transm ssi oRyd h6ygd284 NObI | € station. 6. A nobi | e comuni CabrRPogAREINOr K
as claimed in claim1l wherein one or nore base stations (1,1",8) are
arranged to neasure a received signal |level and/or quality of the signa
transmtted by the nobile station on the conmmon sinul cast carrier.
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(57) Abstract

) A GSM mobﬂe.communicatox-x network comprising a group of picocells (2) or microcells within the coverage (11) of a simulcast
carrier is arranged to instruct a mobile station (4, 4') to transmit on 2 BCCH frequency and the cortesponding freed timeslot available to
the picocellular heads (1) or to a base transceiver station is utilised to make interference measurements to assist in frequency allocation
b}::tween the cells of the network or to enable ‘aIl the picocellular heads to make uplink measurements on a mobile station to determine
the best picocell fon: intercellular handover. This latter mode of operation overcomes the problem of frequency ambiguity associated with
conventional downlink measurements by the mobile stations prior to handover in a simulcast system,




